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(54) MANUFACTURING METHOD FOR POROUS CERAMIC FILTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method for a porous ceramic filter to 
which a low thermal expanding property and a thermal impact-resistant property are imparted 
and in which a porosity is enhanced. 

SOLUTION: The porous ceramic filter is obtained by molding a predetermined molded body from 
a ceramic composition containing silicon carbide powders as a main component and hollow 
polymer particles as a pore-forming agent and calcining the molded body. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The manufacture approach of the porosity ceramic filter characterized by calcinating this 
Plastic solid after using silicon carbide powder as a principal component and carrying out size 
enlargement of the predetermined Plastic solid from the ceramic constituent which cont£iins a hollow 
polymer particle as an ostomy agent. 

[Claim 2] The manufacture approach of a porosity ceramic filter according to claim 1 that an ostomy 
agent is characterized by consisting of mean particle diameter of 5-100 micrometers, and a hollow 
polymer particle beyond 10% compressive strength l.SMPa. 

[Claim 3] The manufacture approach of the porosity ceramic filter according to claim 1 or 2 which 
consists of a hollow polymer particle to which an ostomy agent has two or more hollow holes, and is 
characterized by the aperture of this hollow hole being 0.5 or less times of a hollow polymer particle 
outer diameter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a porosity ceramic 

filter of having high porosity and high thermal resistance. 

[0002] 

[Description of the Prior Art] In recent years, the septum of the honeycomb structure object which 
made silicon carbide (SiC) powder sinter is used as a porous ceramic filter as a vesicular structure, 
and nothing and the filter for particle uptake of the exhaust gas which the porosity honeycomb filter 
which gave the filtering fimction to fluids, such as gas, by making such a septum pass is proposed 
variously, for example, is discharged fi"om a diesel rolling stock (diesel particulate filter). 
[0003] In such a porosity honeycomb filter, it is a very important factor for a porous average pole 
diameter (for it to be called a pole diameter below) and porous porosity to opt for the engine 
performance of a filter, and if it is in the porosity ceramic filter like a diesel particulate filter, firom 
the relation of the collection efficiency of a particle, a pressure loss, and uptake time amoimt, a pole 
diameter is large and a filter with large porosity is desired, 

[0004] Conventionally, control of a ceramic filter pole diameter has been performed by choosing 
suitably the aggregate particle diameter of the ceramic constituent used as a raw material. In order to 
improve the filter engine performance, as an approach of controlling a pole diameter, the approach of 
adding an organic macromolecule to a ceramic constituent etc. is proposed, for example (JP,2000- 
288325,A). The surface part is crushed, the SiC powder which has the particle size distribution to 
which mean particle diameter is 100-150 micrometers, and 90 % of the weight or more exists in 
JP,3-215374,A within **20% of mean particle diameter as an approach of raising porosity on the 
other hand, for example is connected mutually, and after carrying out shaping compression so that it 
may remain in a Plastic solid, without the interior collapsing, the approach of calcinating is 
proposed. 

[0005] However, by these approaches, since association of the SiC particle which constitutes a 
porous body is based only on particle growth of a SiC particle, when porosity became high, the 
mechanical strength became small and there was a problem that it was difficult to reconcile porosity 
and a strength property. Moreover, although the approach of adding ostomy agents, such as graphite, 
was also common, when it was going to raise porosity fiirther and the ostomy agent was used so 
much, while firing time extended and the production process took long duration, in the case of a SiC 
constituent especially with a high bximing temperature, a big distortion started the Plastic solid by the 
increment in heat of combustion, and there was a problem that a crack arose in a Plastic solid. 
Therefore, while giving low-fever expansibility and thermal shock resistance, the manufacture 
approach of the porosity filter which can raise porosity is demanded. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the manufacture 
approach of the porosity ceramic filter which raised porosity while giving low-fever expansibility 
and thermal shock resistance in view of the above-mentioned trouble. 
[0007] 

[Means for Solving the Problem] this invention persons are related with the trouble of these various 
kinds for the purpose of solving the above-mentioned technical problem. The result to which 
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examination was wholeheartedly come in piles about the manufacture approach of the porosity 
ceramic filter which can fiiUy be satisfied. By calcinating, after using silicon carbide powder as a 
principal component and carrying out size enlargement of the predetermined Plastic soUd from the 
ceramic constituent using the hollow polymer particle as an ostomy agent, it finds out that the 
porosity ceramic filter which raised porosity without heat deformation is obtained, and came to 
complete this invention. 

[0008] That is, this invention uses silicon carbide powder as a principal component, and after it 
fabricates a predetermined Plastic solid from the ceramic constituent which contains a hollow 
polymer particle as an ostomy agent, it is characterized by calcinating this Plastic soUd. 
[0009] Hereafter, this invention is explained in more detail. In this invention, in order to obtain a 
porosity ceramic filter, silicon carbide (SiC) powder is used as a principal component, and the 
ceramic constituent which contains a hollow polymer particle as an ostomy agent is used. In the 
above-mentioned ceramic constituent, since the reinforcement of the ceramic Plastic solid after 
baking will fall if many [ if too few, sufficient porosity will not be obtained, and / too ] although not 
limited, as for especially the addition of a hollow polymer particle, it is desirable to consider as 10 - 
50 % of the weight among this constituent. 

[0010] As the above-mentioned hollow polymer particle, what is the mean particle diameter of 5-100 
micrometers and 1.5 or more MPas of 10% compressive strength is desirable. If mean particle 
diameter becomes smaller than 5 micrometers, the pole diameter of the porosity ceramic filter 
obtained becomes small, the pressure loss of a filter will increase and uptake time amount will 
become short. On the other hand, if mean particle diameter becomes larger than 100 micrometers, 
the pole diameter of a ceramic filter becomes large, and although the pressure loss of a filter 
decreases, collection efficiency will fall. 

[001 1] Moreover, in the phase which carries out size enlargement of the ceramic constituent to a 
predetermined Plastic solid, in order to prevent a hollow polymer particle breaking according to 
mechanical shemng force, it is desirable that 10% compressive strength is 1.5 or more MPas. 
[0012] Furthermore, also in the empty capsid of the same voidage, by using the hollow polymer 
particle which has a header and two or more holes for the empty capsid which has logy [ of the shape 
of a honeycomb which consists of two or more holes / MORUHO ] surpassing compressive strength 
as an ostomy agent, the particle destroyed by the forming process of a filter can decrease, and 
porosity can be raised. 

[0013] Especially as an approach of manufacturing the above-mentioned hollow polymer particle, 
although not limited, the manufacture approach which consists of the following suspension 
polymerization and two processes of desolventization is desirable. That is, a non-polymerization 
nature organic solvent is mixed to the mixed monomer which consists of a hydrophilic monomer, a 
polyfimctional monomer, and other monomers, and a monomer solution is prepared, and the 
polymerization of the back monomer component which made this monomer solution suspend in a 
polar solvent is carried out, and it consists of the 1 st process which obtains the polymer particle 
which connotes the above-mentioned non-polymerization nature organic solvent, and the 2nd 
process which obtains a hollow polymer particle by removing the organic solvent in a polymer 
particle. In the above-mentioned manufacture approach, although especially a polymerization 
method is not limited, since control of particle diameter tends to form the particle which connotes an 
effective opening easily, it is desirable to use a suspension-polymerization method. 
[0014] Since the hydrophilic monomer which constitutes the above-mentioned monomer component 
has the high compatibility over a polar solvent compared with an organic solvent, into the suspension 
oil droplet of a monomer solution, it is considered to carry out localization to an oil droplet interface, 
and forms the skin of a hollow polymer particle by the polymerization as a result. That whose 
solubility to water is 1 % of the weight or more as the above-mentioned hydrophilic monomer is 
desirable. For example, methyl (meta) acrylate, acrylonitrile (meta), Acrylamide, an acrylic acid 
(meta), glycidyl (meta) acrylate, (Meta) 2-hydroxyethyl methacrylate, 2-hydroxypropyl 
methacrylate, Vinylpyridine, 2-acryloyloxyethyl phthalic acid, an itaconic acid, a fimiaric acid, 
dimethylamino methyl methacrylate, etc. are mentioned, and they are methyl methacrylate, an 
acrylic acid (meta), 2-hydroxyethyl methacrylate, etc. preferably. These can be used combining 
independent or two sorts or more. 
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[0015] Since a hollow polymer particle skin will not fully be formed but the voidage of a hollow 
polymer particle will fall if too few, the amoimt of the above-mentioned hydrophilic monomer used 
is 30 - 99.9 % of the weight preferably [ being used ten to 99.9% oif the weight in a monomer 
component ], and more preferably. 

[0016] The poly functional monomer which constitutes the above-mentioned monomer component is 
added in order to improve the compressive strength-proof of a particle, and di(meth)acrylate, Tori 
(meta) acrylate, etc. are used suitably. As the above-mentioned di(meth)acrylate, ethylene 
GURDCORUJI (meta) acrylate, diethylene GURIKORUJI (meta) acrylate, 

TORIECHIRENGURIKORUJI (meta) acrylate, 1, 6-hexane JIORUJI (meta) acrylate, TORIMECHI 
roll pro pansy (meta) acrylate, etc. are mentioned, for example. As the above-mentioned Tori (meta) 
acrylate, TORIMECHI roll pro pantry (meta) acrylate, ethyleneoxide denaturation TORIMECHI roll 
pro pantry (meta) acrylate, PENTA ERIS toe RUTORI (meta) acrylate, etc. are mentioned, for 
example. 

[0017] Moreover, as polyfunctional monomers other than the above, di vinyl compoimds, such as JI, 
such as PENTA ERIS toll tetrapod (meta) acrylate, dipentaerythritol hexa methacrylate, diallyl 
phthalate, diallyl malete, diallyl fumarate, diaryl succinate, and triallyl isocyanurate, or a triaryl 
compound, a divinylbenzene, and a butadiene, etc. are mentioned, for example. 
[001 8] These polyfunctional monomers can be used combining independent or two kinds or more. 
[0019] The amount of the above-mentioned polyfunctional monomer used is 0.3 - 5 % of the weight 
preferably [ if too few, the compressive strength-proof of a hollow polymer particle is not enough, 
and / since condensation of a particle will occur during a polymerization if many / too / being used 
0.1 to 30% of the weight in a monomer component ], and more preferably. 
[0020] The monomer of others which constitute the above-mentioned monomer component 
Although it is added in order to improve a mechanical strength, chemical resistance, and a 
moldability, and especially a class is not Umited For example, ethyl (meta) acrylate, propyl (meta) 
acrylate. Butyl (meta) acrylate, cumyl methacrylate, cyclohexyl (meta) acrylate, Mistake CHIRIRU 
(meta) acrylate, palmityl (meta) acrylate, Alkyl (meta) acrylate, such as stearyl (meta) acrylate; 
Styrene, Halogen content monomers, such as vinyl ester; vinyl chlorides, such as aromatic series 
vinyl monomer; vinyl acetate, such as alpha methyl styrene, p-methyl styrene, and p-chloro styrene, 
and propionic-acid vinyl, and a vinylidene chloride; ethylene, a propylene, a butadiene, etc. are 
mentioned. These can be used combining independent or two kinds or more. 
[0021] If there is too much amount of the above and other monomers used, in order to check that 
reduce the hydrophilic property of a monomer component and the outer wall of a hollow polymer 
particle is formed, in a monomer component, 89.9 or less % of the weight is desirable, and is 69.9 or 
less % of the weight more preferably. 

[0022] Although it is desirable to carry out localization into the suspension oil droplet of a monomer 
solution in an oil droplet core as for the non-polymerization nature organic solvent added by the 
above-mentioned monomer component, it is desirable that the solubility to water shows 0.2 or less % 
of the weight of hydrophobicity and especially the class is not limited, butane, a pentane, a hexane, a 
cyclohexane, toluene, a xylene, etc. are used suitably, for example. Especially, volatile high butane, a 
pentane, a hexane, and a cyclohexane are more desirable. 

[0023] Since a grain child's voidage which is becomes low, voidage will become high too much if 
many [ too ], and the reinforcement of a particle falls, the addition of the above-mentioned non- 
polymerization nature organic solvent has the desirable 1 - 400 weight section to the monomer 
component 100 weight section, and is the 10 - 200 weight section more preferably. 
[0024] In the manufacture approach of the porosity ceramic filter of this invention, first, talc powder 
components, such as talc and glow talc, the silica powder represented with amorphous silica, an 
ostomy agent, a kaolin, a temporary-quenching kaoUn, boron oxide, an alimiina, an aluminum 
hydroxide, etc. are suitably blended with SiC powder as a minerals binding material, and the ceramic 
constituent which uses SiC powder as a principal component is prepared. Especially the loadings of 
the minerals binding material to the above-mentioned SiC powder are not limited, but are suitably 
determined by the quality of a hollow polymer particle etc. 

[0025] Thus, a plasticizer, a binder, etc. are added to the prepared ceramic constituent like a 
conventional method, and it is plasticized, and is made with the raw material for extrusion molding 
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in which size enlargement is possible. Using this raw material, after carrying out extrusion molding 
to the honeycomb Plastic solid of a predetermined configuration etc., it dries, and subsequently the 
porosity ceramic filter made into the purpose is manufactured by calcinating that dry matter at the 
temperature of 1600-2200 degrees C. 

[0026] (Operation) By the manufacture approach of this invention, being able to aim at improvement 
in porosity and thermal shock resistance, and maintaining high collection efficiency, while giving 
low-fever expansibility to a porosity ceramic filter by blending a hollow polymer particle with a 
ceramic constituent as an ostomy agent, the rise of pressure loss is controlled and the filter in which 
effective extension of uptake time amount is possible can be given. That is, by transposing the 
organic particle which is the conventional ostomy agent to the hollow polymer particle of this 
weight, the volimie which an ostomy agent occupies increases and can aim at improvement in 
porosity. Moreover, when it replaces by the hollow polymer particle of this volume, the heat of 
combustion of the particle at the time of baking decreases, and since distortion concerning ceramic 
mold goods becomes small, its thermal shock resistance improves while low-fever expansibility is 
given. 
[0027] 

[Embodiment of the Invention] Hereafter, although the example of this invention is explained, it is 
not limited to the following example. 

- After mixing and agitating the monomer component, non-polymerization nature organic solvent, 
and polymerization initiator of the loadings shown in the preparation table 1 of a hollow polymer 
particle and preparing a monomer solution, ion exchange water (50% of the weight of the amount of 
all [ used ]) and a dispersant were added, it agitated with the homogenizer, and the suspension 
monomer solution was prepared. On the other hand, the sodium chloride, the sodixmi nitrite, 
hydrochloric acid, and sodium hydroxide of the loadings shown in the remaining ion exchange water 
and Table 1 were supplied to 201. curing units equipped with the agitator, the jacket, the reflux 
condenser, and the thermometer, and churning was started to them. Subsequently, after having 
poured in nitrogen, having retumed the pressure to atmospheric pressure, after decompressing the 
inside of curing units and performing deoxidation in a container, and making the interior into 
nitrogen-gas-atmosphere mind, the above-mentioned suspension monomer solution was added 
collectively, the temperature up of the curing units was carried out to 80 degrees C, and the 
polymerization was started. After ending the polymerization in 5 hours and setting the aging period 
of 1 hour succeedingly, curing units were cooled to the room temperature. After dehydrating a slurry 
in centering, the vacuum drying removed the organic solvent, and hollow polymer particle (a) - (e) 
was obtained. 

[0028] - The solid polymer (particle f) fizz particle ("F-85D" by the Matsumoto fats-and-oils 
company) was heated for 1 minute at 170 degrees C, and the polymer particle of the solid made to 
foam was used. 

[0029] The above-mentioned hollow polymer particle (a) About - (e) and a solid particle (£), the 

following performance evaluation was performed and the result was shown in Table 1. 

(1) The laser diffi-action particle-size-distribution meter "LA-9I0" by mean-particle-diameter Horiba, 

Ltd. was used, and the volume mean particle diameter of a hollow polymer particle was measured. 

Three places were sampled firom the location of the arbitration of a particle, and the average was 

used. 

[0030] (2) The equatorial cross section of an intemal MORUHO logy hollow polymer particle was 
cut into the thin fihn, and logy [ intemal MORUHO ] was observed with the transmission electron 
microscope. 

[003 1] (3) Ratio (= hollow aperture / particle outer diameter) 

The hollow aperture (about the hollow hole of all in a particle, the average of the diameter of the 
longest and the diameter of the shortest was measured, and the average was used) was measured 
about ten particles chosen as arbitration, and the ratio (= a hollow aperture / particle outer diameter) 
to a particle outer diameter (the above-mentioned mean particle diameter was used) was calculated. 
[0032] (4) The porosimeter made firom voidage AMUKO "2000" was used, and the voidage of a 
hollow polymer particle was measured. The enclosure mercury pressure force was made into 
2,000kg/crn2, and the hollow polymer particle sample sampled 0.5g firom the location of arbitration 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



7/5/2006 



JP,2003-010617,A [DETAILED DESCRIPTION] 



Page 5 of 6 



was used for evaluation. 

[0033] (5) The minute compression tester "MCTM-500" by compressive strength-proof Shimadzu 
Corp. was used, and 10% compressive strength of a hollow poljmier particle was measured. 
[0034] 
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[0035] The component used all over Table 1 is as follows. 

MMA: Methyl methacrylate, MAC:methacrylic-acid EBMrisobutyl methaciylate 
TMP:trimethylolpropane triacrylate DPErdipentaerythritol hexaacrylate 

azobisuisobutironitorirurazobisisobutyronitril PVPrpolyvinyl-pyrrolidone colloidal silica, a calcium 
phosphate: 20-% of the weight water-solution hydrochloric-acid: 3 5-% of the weight water solution 
[0036] (Examples 1-4, example 1 of a comparison) The methyl cellulose 15 weight section and 
addition water were added and kneaded to the ceramic constituent 100 weight section which added 
the hollow polymer particle 30 weight section shown in Table 2, and was mixed to the inorganic 
mixture 70 weight section which consists of 90 % of the weight of SiC(s), 5 % of the weight of 
boron oxide, 2 % of the weight of kaolins, and 3 % of the weight of aluminas, and it considered as 
the plastic matter in which extmsion molding is possible, subsequently, each obtained plastic matter 
— a well-known extrusion method ~ size enlargement — carrying out — rib thickness:430micrometer 
and the number of eels — :16 piece/cm2 The cylindrical shape honeycomb structure object 
(diameter: 1 18mm and height: 152mm) which it has was produced. Next, after drying this honeycomb 
structure object, the temperature up was carried out to 500 degrees C with the programming rate of 
40 degrees C/o'clock, and the cleaning process was performed for 1 hour, and further, it held for 2 
hours, and calcinated at 2100 degrees C, under the inert gas ambient atmosphere, and the porosity 
ceramic filter was obtained. 

[0037] (Example 2 of a comparison) As an ostomy agent, the porosity ceramic filter was obtained 
like the example 2 except having used the polymer particle (f) of a solid. 
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[0038] About the porosity ceramic filter obtained in the above-mentioned example and the example 
of a comparison, tiie following performance evaluation was performed and the result was shown in 
Table 2. 

(5) The coefficient of thermal expansion of the height direction (A-axis) and the cylinder diameter 
direction (B shaft) was measured using "TMAIOO" by coefficient-of-thermal-expansion Seiko 
Instruments. Measurement temperature was made into 40-800 degrees C, and the programming rate 
was made in 40 degrees C/o*clock. 

[0039] (6) It measured by the same approach as porosity voidage. The sample used the obtained 

filter as it was. 

[0040] 
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[0041] 

[Effect of the Invention] The manufacture approach of the porosity ceramic filter of this invention is 
an above-mentioned configuration, and by using a hollow polymer particle as an ostomy agent, its 
porosity is high and it can obtain a porosity ceramic filter with high thermal shock resistance. 
Therefore, especially the obtained porosity ceramic filter is suitably used as a diesel particulate filter. 



[Translation done.] 
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iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



WRITTEN AMENDMENT 



[a procedure revision] 

[Filing Date] July 23, Heisei 14 (2002. 7.23) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0016 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0016] The polyfunctional monomer which constitutes the above-mentioned monomer component is 
added in order to improve the compressive strength-proof of a particle, and di(meth)acrylate, Tori 
(meta) acrylate, etc. are used suitably. As the above-mentioned di(meth)acrylate, ethylene 
GURIKORUJI (meta) acrylate, diethylene GURIKORUJI (meta) acrylate, 

TORIECHIRENGURIKORUJI (meta) acrylate, 1, 6-hexane JIORUH (meta) acrylate, TORIMECHI 
roll pro pansy (meta) acrylate, etc. are mentioned, for example. As the above-mentioned Tori (meta) 
acrylate, TORIMECHI roll pro pantry (meta) acrylate, ethyleneoxide denaturation TORIMECHI roll 
pro pantry (meta) acrylate, pen TAERISURITORUTORI (meta) acrylate, etc. are mentioned, for 
example. 

[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 001 7 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0017] Moreover, as polyfunctional monomers other than the above, divinyl compounds, such as JI, 
such as pentaerythritol tetrapod (meta) acrylate, dipentaerythritol hexa (meta) acrylate, diallyl 
phthalate, diallyl malete, diallyl fiimarate, diaryl succinate, and triallyl isocyanurate, or a triaryl 
compound, a divinylbenzene, and a butadiene, etc. are mentioned, for example. 
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